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Abstract 
In one trip, the flight route can be seen in terms of weight, cargo, and the price of fuel needed as a very 
important aspect. Fuel prices that are high enough can have an impact on operational costs that were 
incurred by an airline. The purpose of this study was to avoid re-fueling at the re-fueling stations that 
cost more than the original station. This study used the fuel tankering method, and also focused on the 
Garuda Indonesia flight B737-800 NG airline with Jogyakarta-Singapore-Jakarta route and alternative 
airports at Pekanbaru and Surabaya. From the results of the data that was obtained and the analysis 
the result of this study was by refueling using the fuel tankering method was more profitable than normal 
way of re-fueling. However, there were aspects that need to be considered in the route using this method 
including temperature, altitude, flight distance and fuel prices that were differrent at each airport. 
Keywords: Route, Fuel price, Fuel tankering method. 
Introduction 
Background 
The development of the aviation industry was marked by the increasing need for aircraft. The 
aerospace business people were racing to develop their business in choosing the aircraft that were going 
to be used. Besides, the development of flight routes that were built, would increase the frequency of 
flights. 
Increasing number of aircraft and flight routes created competition for airline operators. Aviation 
operators were not only competing to get customers through the routes but also need to determine the 
capacity of the aircraft that were used and efficient fuel consumption. Besides that, flight operators were 
required to make good and timely flight schedules. Keep in mind that delays in flight time will incur 
significant costs and could lead to fuel waste. 
Good and efficient flight could optimize the use of aviation turbine fuel properly and in the 
corridor to maintain safety of the flight. According to A Majka, (2007) the use of fuel at this time was 
one that must be considered, because aircraft that carry excessive fuel would increase costs and reduce 
the carrying capacity of the aircraft. 
This situation certainly required effective and efficient fuel management. It was also important 
to know the price of aviation fuel at different airports. Therefore, airlines need to consider the routes 
that were chosen. Besides that, each aircraft has different aviation fuel specifications. Nur Feriyanto et 
al. (2016) conducted a study on the analysis of the used of aviation fuel based on flight routes by 
comparing Boeing 737-400 and Airbus A320-200 aircraft on the Jakarta-Bali route. The conclusion was 
that Airbus was more efficient in the use of aviation fuel compared to Boeing.  
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As was stated above, the price of aviation fuel at each airport was different. In Indonesia the price 
of aviation fuel was cheaper than in other countries such as Singapore. In terms of saving on aviation 
fuel costs, it is necessary to think about how technology with the aim of refueling was only done at a 
place where refueling stations were cheaper. Technologies that have been developed were included the 
Fuel Tankering method. Fuel tankering method is a method that was used to optimize fuel requirements 
based on flight routes and variations in fuel prices that vary at each airport DPPU station. The method 
that was used in addition to the fuel tankering method was the method of step climb and step cruise 
techniques. Step climb and step cruise techniques were flight techniques in order to save fuel by 
climbing-cruise-climb. 
Purpose 
1. Calculate the value of fuel requirements for a Boeing B737-800 NG flight when using a fuel 
tankering flight plan. 
2. Knowing the variables that determine the fuel tankering method  
3. Calculate the value of profit if the fuel tankering method would be applied. 
Benefit 
Build the treasury of science in connection with the science of industrial engineering in the 
field of aerospace. 
Literature 
The needs of airline's fuel consumption need to be calculated carefully. This is due to the effect 
that will be reflected to flight operations. Therefore, fuel consumption also affects the high and low 
profits of the company. According to Mohammad Mazraati, (2010) that fuel demand continues to 
increase from year to year and this was determined by the development of the country's economy. 
An airline is a company that manages aviation services agents. This airline service agent has 
some kind of different types of aircraft manufacturing such as Boeing, Airbus, Bombardier, and ATR 
(Avions de Transport Regional). All these aircraft use the same fuel, Avtur (Aviation Turbine Fuel). 
From the various choices of aircraft that can be used, there are several types of aircraft that are similar 
in series, Airbus A320-200 and A320-300, Boieng 737 series, ATR 42 and 72 and Bombardier CRJ700 
even though they have different manufacturers. Boieng 737-800 NG is similar with Airbus A320-200 
in the seat sector with different aspect in manufacturing. Boeing was made in America while Airbus 
was in Europe. Whereas ATR 72-500 / 600 is similar with MA 60, ATR 42 is similar with DACH 7 
and Bombardier CRJ700 is similar with F28 or F100. 
The aircraft consumes very large amounts of fuel. The amount of fuel consumed during operation 
from one airport to the destination airport depends on several factors and parameters. Most of these 
factors such as take-off, climb, cruise, descent, and holding. According to a research study that was 
conducted by Jose` A.T.G.F et al (2011) the need for fuel consumption was the second highest in 
aviation operations, flight operations were estimated to represent 20% for aircraft fuel. Embraer (2005) 
research proved that 1% fuel savings could be done easily through operational practices that focus on 
fuel savings. One of the procedures that was used by airlines in saving fuel was "Economic Fueling" or 
"Fuel Tankering". 
Flight planning, aircraft load, proper maintenance, flight procedures, and fuel have significant 
impact on aircraft fuel consumption during operations. During operation the aircraft has the main factors 
that was affecting fuel consumption in greater usage such as weight, aircraft speed, and wind speed and 
wind direction. David A. Pilati (1974) describes the use of energy and aircraft maintenance in evaluating 
fuel savings. John W. Drake (1974) suggests that cruising speeds for slower flight optimization could 
reduce fuel consumption. Meanwhile the research that was conducted by D. Wayne Darnell and Carolyn 
Loflin (1977), Barry Nash (1981), John S. Stroup and Richard D. Wollmer (1992), Zouein, et al (2002), 
Khaled Abdelghany (2005) developed a model fuel management, so that all models produce savings in 
fuel consumption. R. R. Covey (1979) describes the operational strategy of maintaining energy in 
commercial aviation, he explains that there were twelve fuel maintenance strategies and this strategy 
results in fuel savings. 
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Current technological developments went quickly and effectively utilize the latest technology to 
reduce fuel consumption on commercial aircraft. Improvements in aircraft fuel efficiency depend on 
the design of engine and airframe products. David L. Greene (1990) examines the potential for 
increasing the efficiency of commercial aircraft engines. The research shows some major improvements 
in the fields of engine efficiency, aerodynamic changes, and aircraft structural. Larger aircraft could 
carry more passengers thereby increasing fuel efficiency on the aircraft and reducing congestion at 
major airports and reducing holding time before landing or idling time before takeoff. Lee et al., 2001, 
Babikian et al., 2002. Joosung Lee (2010 ) and Raffi Babikian (2002) studied aircraft technology 
performance, fuel consumption, lift / drag, operation empty, and maximum take off weight were the 
main variables that were affecting aircraft fuel consumption and the effect of technology on energy use 
that was based on engine efficiency, structural technology, and aerodynamic efficiency. 
Aviation infrastructure was also the most important thing in optimizing fuel consumption. Traffic 
congestion experienced at airports and improper air traffic management could increase fuel 
consumption. Senzig et al. (2009) modeled the use of fuel for the terminal area which resulted in a 
reduction in fuel consumption. David A. Van Cleave (2009) in his research suggested reducing the 
level-off of terminal airspace and using runways at airports to reduce fuel combustion. Whereas 
Anderson R. Correia (2005) suggests that airport design greatly influences fuel consumption in 
maneuvering between runways and terminals. Kazda and Robert Caves (2000) suggest an optimal 
taxiway design can reduce aircraft fuel consumption. While research that was conducted by Rapoza and 
Amanda (2010), studied the factors that influence fuel combustion and the flow rate of fuel on a plane 
at the time of departure and arrival. This study found several parameters that were affecting flight fuel 
consumption. 
CK-Chart Planning and Tools 
CK-chart planning tools was designed to present the results of systematic and structured studies 
in deductive and inductive way. In addition to directing the focus of research and explain research to be 
done to be understood. An important point of the CK-chart planning tools was that they can show the 
latest studies (novelty) based on previous research. Furthermore, the ck-chart also illustrates the flow 
of research that will be conducted. 
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Picture 1. CK-Chart Planning and Tools 
 
The focus of this research can be seen in Figure 1, which is this research takes the focus of fuel 
on Boieng flight. This aircraft uses avtur fuel (Aviatiaon Turbine Fuel). So this research uses a model 
in order to optimize the use of fuel namely fuel Tangkering with the aim of the Yogyakarta-Singapore-
Jakarta route. Where this model is influenced by 3 specific aspects namely Break release, flight level 
and air speed. 
Model Fuel Tankering 
According to Jose´ A.T.G.F et al (2011), he was presenting a design programming model that 
explains the optimization of aircraft refueling for one or two flight routes. Jose Alexander examines fuel 
tankering on airlines in Brazil. While assuming the refueling depot can meet refueling needs and there 
were no restrictions on every aircraft refueling station. 
In general, airlines that carry out multi-route flying missions will refuel at each transit landing 
station, where the amount of fuel that was loaded into the aircraft for each flight route of the multi-
flying it has was different. On the other hand, the price per unit of fuel for each airport station was 
different from one another. 
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Picture 2. Single Leg Flight 
 
  
Picture 3. Multi Leg Flight 
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The formula that was used to calculate minimum fuel requirements from airport B to destination airport 
C is as follows (Nur feriyanto, 2016) 
𝐹𝑅𝑚𝑖𝑛𝐵𝐶     = 𝐹𝑢𝑒𝑙𝑑𝑒𝑠𝑡𝐵𝐶 + 𝐹𝑢𝑒𝑙𝑎𝑙𝑡𝐵𝐶 + 𝐹𝑢𝑒𝑙𝐻𝑜𝑙𝑑      … (1) 
𝐹𝑢𝑒𝑙𝑑𝑒𝑠𝑡𝐵𝐶 = 𝐹𝑢𝑒𝑙𝑐𝑙𝑏 𝑑𝑒𝑠𝑡𝐵𝐶 + 𝐹𝑢𝑒𝑙𝑐𝑟𝑧 𝑑𝑒𝑠𝑡𝐵𝐶 + 𝐹𝑢𝑒𝑙𝑑𝑒𝑠𝑐 𝑑𝑒𝑠𝑡𝐵𝐶 + 𝐹𝑢𝑒𝑙𝑟𝑟𝐵𝐶    … (2) 
𝐹𝑢𝑒𝑙𝑎𝑙𝑡𝐵𝐶   =  𝐹𝑢𝑒𝑙𝑐𝑙𝑏 𝑎𝑙𝑡𝐵𝐶 + 𝐹𝑢𝑒𝑙𝑐𝑟𝑧 𝑎𝑙𝑡𝐵𝐶 + 𝐹𝑢𝑒𝑙𝑑𝑒𝑠𝑐 𝑎𝑙𝑡𝐵𝐶      … (3) 
𝑓𝑢𝑒𝑙ℎ𝑜𝑙𝑑     =  
𝑡ℎ𝑜𝑙𝑑
60
𝑥 2 𝑓𝑢𝑒𝑙 𝑓𝑙𝑜𝑤/𝑒𝑛𝑔         … (4) 
In order to avoid refueling at airport B, the formula to get the value of fuel tankering at airport A is as 
follows: 
𝐹𝑢𝑒𝑙𝑇𝑎𝑛𝑘𝑒𝑟𝑖𝑛𝑔.𝐴 = 𝐹𝑅𝑚𝑖𝑛𝐵𝐶 + 𝐹𝑢𝑒𝑙𝑑𝑒𝑠𝑡𝐴𝐵 + 𝐹𝑢𝑒𝑙𝑡𝑎𝑥𝑖             … (5) 
 
Research Method 
Research Object 
The focus of the study in question is to analyze the fuel consumption needs of the Garuda 
Indonesia B737-800 NG airline by taking the Yogyakarta - Singapore - Jakarta route. Based on previous 
literature obtained, there are several factors that influence fuel consumption 
The object of this research is the Garuda Indonesia B737-800 NG airline by taking the 
Yogyakarta - Singapore – Jakarta route. Whereas for the subject of this study the researcher was assisted 
by several operational staff in the section of fuel management as well as active pilots who flew during 
flights on this route. 
Fuel Tankering Model Building 
The right way of calculating aircraft fuel consumption, managing and handling traffic flow in an 
accurate method and the design of flight procedures which were very important and according to the 
rules could provide optimal efficiency in fuel consumption. One example of a method for reducing fuel 
consumption is designing optimal operational flight procedures such as Optimized Profile Descent 
(OPD) and often called Continuous Descent Operation (CDO). Additionally, the arrival route could be 
disabled based on navigation area (RNAV), such as the Point Marge System that also reduced fuel 
consumption, because this procedure allows the aircraft to descend from its optimal position with 
minimum engine thrust. 
 
Result and Discussion 
Determining the Maximum Takeoff Weight of Yogyakarta’s Adisutjipto Airport and Changi-
Singapore 
By using FFPM Flaps 1 and Flaps 5 Dry Runway Graphs. In order to get the RTOW value that 
was limited by the field length, climb limit, obstacle limit and tire speed limit both in the afternoon and 
evening. By taking the smallest value of each flaps, which were: during the day with the smallest flaps 
was 59.000 and the afternoon with the smallest value was 59.000. 
 
Tabel 1. Restricted Takeoff Weight (RTOW) Limited by Field Length, Climb Limit, Obstacle 
Limit and Tire Speed Adisutjipto - Yogyakarta. 
Time 
Period 
Everage 
Temp deg 
(C) 
Everage 
Wind 
Knot 
Flaps  Fielg 
Lenght 
Climb 
Limit 
Obstacle 
Limit 
Tire 
Speed 
Limit 
Lowest 
Day 29 12 1 72000 83600 59000 >88000 60000 
   5 75000 81000 60000 >88000 59000 
Afternoon 28 11 1 72000 83600 59000 >88000 60000 
   5 75000 81000 60000 >88000 59000 
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The flight destination to Singapore RTOW was limited by field length, climb limit, obstacle limit 
and tire speed limit both in the afternoon and evening. By taking the smallest value of each flaps which 
were: during the day with the smallest flaps was 81000 and the afternoon with the smallest value was 
81000. 
Tabel 2. Restricted Takeoff Weight (RTOW) Limited by Field Length, Climb Limit, Obstacle 
Limit and Tire Speed Changi – Singapura. 
Time 
Period 
Everage 
Temp deg 
(C) 
Everage 
Wind 
Knot 
Flaps  Fielg 
Lenght 
Climb 
Limit 
Obstacle 
Limit 
Tire 
Speed 
Limit 
Lowest 
Day 28 11 1 >88000 84000 - >88000 84000 
   5 >88000 81000 - >88000 81000 
Afternoon 27 12 1 >88000 84000 - >88000 84000 
   5 >88000 81000 - >88000 81000 
 
On this flight requires data of total mileage that will be used on the Boieng 737-800 NG Garuda 
Indonesia flight. From the route chat analysis we get the total destinations of Yogyakarta - Singapore 
with alternate Pekanbaru and Singapore - Jakarta with Surabaya alterate as follows: 
 
Tabel 3. Total destination Yogyakarta-Singapura alternate Pekanbaru and Singapura – Jakarta 
alternate Surabaya 
No To destination Total destination To alterntae  Total destination alt 
1.  Yogyakarta - Singapura 755 Nautical miles Singapura - Pekanbaru 182 Nuatical miles 
2. Singapura - Jakarta 500 Nautical miles Jakarta - Surabaya 375 Nautical miles 
 
The Calculation Trip Flight JOG-SIN (BRW 59000 kg Flaps 5) 
JOG-SIN and SIN-PKU flights are influenced by several important factors specifically climb, cruise, 
descent and holding where the data can be seen in the table below: 
 
Tabel 4. Climb, Cruise, Descent and Holding JOG-SING alt PKU 
Route (Up limit 
and Low limit) / 
kg 
Enroute Climb 
(time, fuel, 
distance and 
speed) 
Cruise table 
(FF/ENG) 
Descent 
(time) 
Descent 
(fuel) 
Descent 
(distance) 
Holding 
 Up  
limit 
Low 
limit 
Up 
limit 
Low 
limit 
Up 
limit 
Low 
limit 
Up 
limit 
Low 
limit 
Up 
limit 
Low 
limit 
Up 
limit 
Low 
limit 
To destination 
(60000 and 55000) 
15/1400 
88/389 
14/1250 
78/388 
1282 1248 23 22 320 310 
109 
103 
98 
93 
- - 
             
To alternate 
(60000 and 55000) 
11/110 
55/361 
10/950 
49/360 
1550 1531 20 19 300 290 
90 
84 
82 
76 
950 
1030 
970 
1050 
             
 
a. Climb RTOW 59000 kg 
Analysis calculation already done is known that: 
𝑡𝑖𝑚𝑒𝑐𝑙𝑏 = 14 + (
59000 − 55000
60000 − 55000
 𝑥 (15 − 14)) = 14.8 minute 
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𝑓𝑢𝑒𝑙𝒄𝒍𝒃 = 1250 + (
59000 − 55000
60000 − 55000
 𝑥 (1400 − 1250)) = 1370 kg 
𝑑𝑒𝑠𝑐𝑒𝑛𝑡𝑐𝑙𝑏 = 78 + (
59000 − 55000
60000 − 55000
 𝑥 (88 − 78)) = 78.8 NM 
𝑠𝑝𝑒𝑒𝑑𝑐𝑙𝑏 = 388 + (
59000 − 55000
60000 − 55000
 𝑥 (389 − 388)) = 388.8 kg/NM 
b. Cruise height 32000 feet 
Top of Climb (TOC) is as follows: 
Aircraft Weight in TOC = BRW – fuel climb 
= 59000 – 1370 = 57630 kg 
𝑓𝑢𝑒𝑙𝑓𝑙𝑜𝑤 = 1248 + (
59000 − 55000
60000 − 55000
 𝑥 (1282 − 1248)) 
𝑓𝑓𝑙𝑜𝑤 = 1275.2 𝑘g / engine / hour 
Fuel Flow both of engine = 2 x 1275.2 kg = 2550.4 kg/ hour 
Aircraft speed on cruise  = 462 knot 
Total Distance JOG-SIN = 755 NM 
In interpolation value is obtained  
Dist Cruise = Dist Total – (Dist Climb + Dist Desc) 
𝑑𝑑𝑠𝑛𝑡1 = 93 + (
59000 − 50000
60000 − 50000
 𝑥 (98 − 93)) = 97 NM 
𝑑𝑑𝑠𝑛𝑡2 = 103 + (
59000 − 50000
60000 − 50000
 𝑥 (109 − 103)) = 107.8 NM 
𝑑𝑖𝑠𝑐𝑑𝑠𝑛𝑡 = 97 + (
59000 − 50000
60000 − 50000
 𝑥 (107.8 − 97)) = 105.64 NM 
Dist cruise = 755 – (78.8 + 105.64) = 570.56 NM 
By using a formula: 
𝑡𝑐𝑟𝑧 =  
𝐷𝑖𝑠𝑡𝑐𝑟𝑧
𝑆𝑝𝑒𝑒𝑑 𝑐𝑟𝑧
 𝑥 60 =  
570.56
462
 𝑥 60 = 74.09 menit 
fuel cruise = (74.09/60) x 2550.4 kg = 3136.99 kg 
The weight of the aircraft when starting descent (Top of Descent) so that the values of Top of 
Descent, time descent, and fuel descent are as follows: 
TOD Weight  = TOC weight – fuel cruise = 57630 – 3136.99 = 54493.01 kg 
𝑡𝑖𝑚𝑒𝑑𝑠𝑛𝑡 = 22 + (
32000 − 31000
33000 − 31000
 𝑥 (23 − 22)) = 22.5 minute 
𝑓𝑢𝑒𝑙𝑑𝑠𝑛𝑡 = 310 + (
32000 − 31000
33000 − 31000
 𝑥 (320 − 310)) = 315 kg 
c. Climb to alternate pekanbaru (PKU) height 26000 feet 
The weight of the aircraft when climbing to alternate is as follows: 
Aircraft Weight to alt  = TOD weight - Fuel descent 
= 54493.01 – 315 kg = 54178.01 kg 
By using FPPM and flight level of 26000 ft, the interpolation values are known as follows: 
𝑡𝑖𝑚𝑒𝑐𝑙𝑏𝑎𝑙𝑡 = 10 + (
59000 − 55000
60000 − 55000
 𝑥 (11 − 10)) = 10.8 minute 
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𝑓𝑢𝑒𝑙𝑐𝑙𝑏𝑎𝑙𝑡 = 950 + (
59000 − 55000
60000 − 55000
 𝑥 (1100 − 950)) = 1070 kg 
𝑑𝑒𝑠𝑐𝑒𝑛𝑡𝑐𝑙𝑏𝑎𝑙𝑡 = 49 + (
59000 − 55000
60000 − 55000
 𝑥 (55 − 49)) = 49.8 NM 
𝑠𝑝𝑒𝑒𝑑𝑐𝑙𝑏𝑎𝑙𝑡 = 360 + (
59000 − 55000
60000 − 55000
 𝑥 (361 − 360)) = 364.8 kg/NM 
d. Cruise to alternate 
Top of climb (TOC) are as follows: 
Aircraft weight in TOC = BRW – fuel climb (alt) = 59000 – 1070 = 57930 kg 
𝑓𝑢𝑒𝑙𝑓𝑙𝑜𝑤 = 1531 + (
59000 − 55000
60000 − 55000
 𝑥 (1550 − 1531)) 
𝑓𝑓𝑙𝑜𝑤 = 1546.2 kg / engine / hour 
Fuel Flow both of engine = 2 x 1546.2 = 3092.4 kg/ hour  
Aircraft speed on cruise = 474 knot 
Total distance SIN-PKU = 182 NM 
In interpolation value is obtained  
Dist cruise = Dist total – (Dist climb + Dist Descent) 
𝑑𝑑𝑠𝑛𝑡1 = 76 + (
26000 − 25000
27000 − 25000
 𝑥 (82 − 76)) = 79 NM 
𝑑𝑑𝑠𝑛𝑡2 = 84 + (
26000 − 25000
27000 − 25000
 𝑥 (90 − 84)) = 87 NM 
𝑑𝑖𝑠𝑐𝑑𝑠𝑛𝑡 = 79 + (
26000 − 25000
27000 − 25000
 𝑥 (87 − 79)) = 83 NM 
Distance cruise for this flight are as follows: 
Dist cruise = 182 – (49.8 + 83) = 49.2 NM 
𝑡𝑐𝑟𝑧 =  
𝐷𝑖𝑠𝑡𝑐𝑟𝑧
𝑆𝑝𝑒𝑒𝑑 𝑐𝑟𝑧
 𝑥 60 =  
49.2
474
 𝑥 60 = 6.22 minute 
fuel cruise = (6.22/60) x 3092.4 kg = 309.24 kg 
e. Descent to alternate 
The weight of the aircraft when starting descent (Top of Descent) are as follows: 
TOD weight  = TOC weight – fuel cruise = 57930 – 309.24 kg = 57620.76 kg 
𝑡𝑖𝑚𝑒𝑑𝑠𝑛𝑡 = 19 + (
26000 − 25000
27000 − 25000
 𝑥 (20 − 19)) = 19.5 minute 
𝑓𝑢𝑒𝑙𝑑𝑠𝑛𝑡 = 290 + (
26000 − 25000
27000 − 25000
 𝑥 (300 − 290)) = 295 kg 
f. Holding  
TOD (Top of Descent) weight 57620.76 kg holding data is obtained FF/ENG are as follows: 
Reference lower data limit  : 1500 feet 
Lower border value fuel flow/engine  : 1091.93 kg/eng/hr 
Reference upper limit of data  : 5000 kg 
Upper limit value fuel flow/engine : 1071.93 kg/eng/hr 
Air pressure    : 4500 feet  
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Then the interpolation calculation for the height value Fuel flow/eng/hr (FF/eng/hr): 
FF/eng/hr = 1071.93 +  (
4500 − 1500
5000 − 1500
 𝑥 (1091.93 − 1071.93)) 
FF/eng/hr = 1071.93 +  (
3000
3500
 𝑥 20) = 1089.07 kg 
Fuel Flow both of engine = 2 x 1089.07 = 2178.14 kg 
Time holding    = 30 minute (certain conditions) 
 
The Calculation Trip Flight SIN-CGK (BRW 81000 kg Flaps 5) 
SIN-CGK and CGK-SUB flights are influenced by several important factors specifically climb, cruise, 
descent and holding where the data can be seen in the table below: 
 
Tabel 5. Climb, Cruise Descent and Holding SIN-CGK alt SUB 
Route (Up limit 
and Low limit) / 
kg 
Enroute Climb 
(time, fuel, 
distance and 
speed) 
Cruise table 
(FF/ENG) 
Descent 
(time) 
Descent 
(fuel) 
Descent 
(distance) 
Holding 
 Up  
limit 
Low 
limit 
Up 
limit 
Low 
limit 
Up 
limit 
Low 
limit 
Up 
limit 
Low 
limit 
Up 
limit 
Low 
limit 
Up 
limit 
Low 
limit 
To destination 
(75000 and 70000) 
22/1900 
127/393 
19/1750 
112/391 
1429 1373 23 22 320 310 
- 
- 
116 
110 
- - 
             
To alternate 
(75000 and 70000) 
15/1450 
75/363 
13/1300 
68/362 
1643 1610 20 19 300 290 
- 
- 
96 
90 
1350 
1370 
1270 
1290 
             
 
a. Climb RTOW 73708 kg 
Analysis calculation already done is known that: 
𝑡𝑖𝑚𝑒𝑐𝑙𝑏 = 19 + (
73708 − 70000
75000 − 70000
 𝑥 (22 − 19)) = 21.22 minute 
𝑓𝑢𝑒𝑙𝑐𝑙𝑏 = 1750 + (
73708 − 70000
75000 − 70000
 𝑥 (1900 − 1750)) = 1861 kg 
𝑑𝑒𝑠𝑐𝑒𝑛𝑡𝑐𝑙𝑏 = 112 + (
73708 − 70000
75000 − 70000
 𝑥 (127 − 112)) = 123.1 NM 
𝑠𝑝𝑒𝑒𝑑𝑐𝑙𝑏 = 391 + (
73708 − 70000
75000 − 70000
 𝑥 (393 − 391)) = 392.48 kg/NM 
b. Cruise height 32000 feet 
Top of Climb (TOC) is as follows: 
Aircraft weight in TOC = BRW – fuel climb = 73708 – 1861 = 71847 kg 
𝑓𝑓𝑙𝑜𝑤 = 1373 + (
73708−70000
75000−70000
 𝑥 (1429 − 1373)) = 1414.44 kg / engine / hour  
Fuel flow both of engine = 2 x 1414.44 = 2828.88 kg/ hour  
aircraft speed on cruise = 462 knot 
Total distance JOG-SIN = 500 NM 
In interpolation value is obtained  
Dist cruise = Dist total – (Dist climb + Dist Descent) 
𝑑𝑑𝑠𝑛𝑡 = 110 + (
73708 − 70000
75000 − 70000
 𝑥 (116 − 110)) = 114.44 NM 
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Distance cruise for this flight are as follows: 
Dist cruise = 500 – (123.1 + 114.44) = 262.46 NM 
by using a formula: 
𝑡𝑖𝑚𝑒𝑐𝑟𝑧 =  
𝐷𝑖𝑠𝑡𝑐𝑟𝑧
𝑆𝑝𝑒𝑒𝑑 𝑐𝑟𝑧
 𝑥 60 
𝑡𝑐𝑟𝑧 =  
262.46
462
 𝑥 60 = 34.08 menit 
fuel cruise = (34.08/60) x 2828.88 kg = 1606.80 kg 
c. Desent height 32000 feet 
The weight of the aircraft when starting descent (Top of Descent) so that the values of Top of 
Descent, time descent, and fuel descent are as follows: 
TOD weight  = TOC weight – fuel cruise = 71847 – 1606.80 kg = 70240.2 kg 
𝑡𝑖𝑚𝑒𝑑𝑠𝑛𝑡 = 22 + (
32000 − 31000
33000 − 31000
 𝑥 (23 − 22)) = 22.5 𝑚𝑒𝑛𝑖𝑡 
𝑓𝑢𝑒𝑙𝑑𝑠𝑛𝑡 = 310 + (
32000 − 31000
33000 − 31000
 𝑥 (320 − 310)) = 315 kg 
d. Climb to alternate Surabaya (SUB) 26000 feet 
The weight of the aircraft when climbing to alternate is as follows: 
Aircraft weight to alternate = TOD weight - fuel descent = 70240.2 – 315 kg = 69925.2 kg 
By using FPPM and flight level of 26000 ft, the interpolation values are known as follows: 
𝑡𝑐𝑙𝑏 = 13 + (
73708 − 70000
75000 − 70000
 𝑥 (15 − 13)) = 14.48 menit 
𝑓𝑐𝑙𝑏 = 1300 + (
73708 − 70000
75000 − 70000
 𝑥 (1450 − 1300)) = 1411 kg 
𝑑𝑐𝑙𝑏 = 68 + (
73708 − 70000
75000 − 70000
 𝑥 (75 − 68)) = 73.18 NM 
𝑠𝑝𝑒𝑒𝑑𝑐𝑙𝑏 = 362 + (
73708 − 70000
75000 − 70000
 𝑥 (363 − 362)) = 362.74 kg/NM 
e. Cruise to alternate 
Top of climb (TOC) are as follows: 
Aircraft weight in TOC = BRW – fuel climb = 73708 – 1411 kg = 72297 kg 
𝑓𝑢𝑒𝑙𝑓𝑙𝑜𝑤 = 1610 + (
73708−70000
75000−70000
 𝑥 (1643 − 1610)) = 1634.42 kg / engine / hour 
Fuel Flow both of engine = 2 x 1634.42 kg = 3268.84 kg/ hr 
Aircraft speed on cruise  = 474 knot 
Total distance SIN-PKU  = 375 NM 
In interpolation value is obtained  
Dist cruise = Dist total – (Dist climb + Dist Descent) 
𝑑𝑖𝑠𝑡𝑑𝑠𝑛𝑡 = 90 + (
73708 − 70000
75000 − 70000
 𝑥 (96 − 90)) = 94.44 NM 
Distance cruise for this flight are as follows: 
Dist cruise = 375 – (73.18 + 94.44) = 207.38 NM 
by using a formula: 
𝑡𝑐𝑟𝑧 =  
𝐷𝑖𝑠𝑡𝑐𝑟𝑧
𝑆𝑝𝑒𝑒𝑑 𝑐𝑟𝑧
 𝑥 60 =  
207.38
474
 𝑥 60 = 26.25 minute 
fuel cruise  = (26.25/60) x 3268.84 kg = 1430.11 kg 
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f. Descent to alternate 
The weight of the aircraft when starting descent (Top of Descent) are as follows: 
TOD weight  = TOC weight – fuel cruise = 72297 – 1430.11 kg = 70866.89 kg 
𝒕𝒅𝒔𝒏𝒕 = 19 + (
26000 − 25000
27000 − 25000
 𝑥 (20 − 19)) = 19.5 𝑚𝑒𝑛𝑖𝑡 
𝒇𝒅𝒔𝒏𝒕 = 290 + (
26000 − 25000
27000 − 25000
 𝑥 (300 − 290)) = 295 kg 
g. Holding 
TOD (Top of Descent) weight 57620.76 kg holding data is obtained FF/ENG are as follows: 
Reference lower data limit  : 1500 feet 
Lower border value fuel flow/engine  : 1303.87 kg/eng/hr 
Reference upper data limit  : 5000 kg 
Upper limit value fuel flow/engine  : 1283.87 kg/eng/hr 
Air pressure    : 4500 feet  
Then the interpolation calculation for the height value Fuel flow/eng/hr (FF/eng/hr): 
FF/eng/hr = 1283.87 +  (
4500 − 1500
5000 − 1500
 𝑥 (1303.87 − 1283.87)) 
FF/eng/hr = 1283.87 +  (
3000
3500
 𝑥 20) = 1283.87 +  17.14 = 1301.01 kg / engine 
Fuel Flow both of engine = 2 x 1301.01 = 2602.02 kg 
Time holding    = 30 minute (certain conditions) 
 
Minimum fuel required 
Minimum fuel required on flight Yogyakarta (JOG) – Singapura (SIN) alt Pekanbaru (PKU) as 
follows: 
a. 𝑓𝑢𝑒𝑙𝑑𝑒𝑠𝑡𝐴𝐵 = 𝑓𝑐𝑙𝑖𝑚𝑏𝑑𝑒𝑠𝑡𝐴𝐵 + 𝑓𝑐𝑟𝑢𝑖𝑠𝑒𝑑𝑒𝑠𝑡𝐴𝐵 + 𝑓𝑑𝑒𝑠𝑐𝑒𝑛𝑡𝑑𝑒𝑠𝑡𝐴𝐵  
𝑓𝑢𝑒𝑙𝑑𝑒𝑠𝑡 = 1370 + 3136.99 + 315 = 4821.99 kg 
b. 𝑓𝑢𝑒𝑙𝑟𝑜𝑢𝑡𝑒 𝑟𝑒𝑠𝑒𝑟𝑣𝑒𝐴𝐵 = 2.5 % 𝑥 𝑓𝑢𝑒𝑙𝑑𝑒𝑠𝑡  
𝑓𝑢𝑒𝑙𝑟𝑜𝑢𝑡𝑒 𝑟𝑒𝑠𝑒𝑟𝑣𝑒𝐴𝐵 = 2.5 % 𝑥 4821.99 = 120.54 kg 
c. 𝑓𝑢𝑒𝑙𝑎𝑙𝑡𝐵𝐹 = 𝑓𝑐𝑙𝑖𝑚𝑏𝑎𝑙𝑡𝐵𝐹 + 𝑓𝑐𝑟𝑢𝑖𝑠𝑒𝑎𝑙𝑡𝐵𝐹 + 𝑓𝑑𝑒𝑠𝑐𝑒𝑛𝑡𝑎𝑙𝑡𝐵𝐹  
𝑓𝑢𝑒𝑙𝑎𝑙𝑡𝐵𝐹 = 1070 + 309.24 + 295 = 1674.24 kg 
d. 𝑓𝑢𝑒𝑙ℎ𝑜𝑙𝑑𝐴𝐵 =  
𝑡ℎ𝑜𝑙𝑑
60
𝑥 2 𝑓𝑢𝑒𝑙 𝑓𝑙𝑜𝑤/𝑒𝑛𝑔  
𝑓𝑢𝑒𝑙ℎ𝑜𝑙𝑑𝐴𝐵 =  
30
60
𝑥 2 𝑥 1089.07 = 1089.07 kg 
e. 𝑓𝑢𝑒𝑙𝑡𝑎𝑥𝑖𝐴𝐵 = 250 kg 
f. 𝑡𝑖𝑚𝑒𝑑𝑒𝑠𝑡𝐴𝐵 = 𝑡𝑐𝑙𝑖𝑚𝑏𝑑𝑒𝑠𝑡𝐴𝐵 + 𝑡𝑐𝑟𝑢𝑖𝑠𝑒𝑑𝑒𝑠𝑡𝐴𝐵 + 𝑡𝑑𝑒𝑠𝑐𝑒𝑛𝑡𝑑𝑒𝑠𝑡𝐴𝐵  
𝑡𝑖𝑚𝑒𝑑𝑒𝑠𝑡𝐴𝐵 = 14.8 + 74.09 + 22.5 = 111.39 menit 
g. 𝑡𝑖𝑚𝑒𝑎𝑙𝑡𝐵𝐹 = 𝑡𝑐𝑙𝑖𝑚𝑏𝑎𝑙𝑡𝐵𝐹 + 𝑡𝑐𝑟𝑢𝑖𝑠𝑒𝑎𝑙𝑡𝐵𝐹 + 𝑡𝑑𝑒𝑠𝑐𝑒𝑛𝑡𝑎𝑙𝑡𝐵𝐹  
𝑡𝑖𝑚𝑒𝑎𝑙𝑡𝐵𝐹 = 10.8 + 6.22 + 19.5 = 36.52 menit  
h. 𝑡𝑖𝑚𝑒ℎ𝑜𝑙𝑑𝐴𝐵 = 30 menit 
i. 𝑡𝑖𝑚𝑒𝑡𝑎𝑥𝑖𝐴𝐵 = 10 menit  
Minimum fuel required on flight Singapura (SIN) – Jakarta (CGK) alt Surabaya (SUB) as follows: 
a. 𝑓𝑢𝑒𝑙𝑑𝑒𝑠𝑡𝐵𝐶 = 𝑓𝑐𝑙𝑖𝑚𝑏𝑑𝑒𝑠𝑡𝐵𝐶 + 𝑓𝑐𝑟𝑢𝑖𝑠𝑒𝑑𝑒𝑠𝑡𝐵𝐶 + 𝑓𝑑𝑒𝑠𝑐𝑒𝑛𝑡𝑑𝑒𝑠𝑡𝐵𝐶  
𝑓𝑢𝑒𝑙𝑑𝑒𝑠𝑡𝐵𝐶 = 1861 + 1606.80 + 315 = 3782.8 kg 
b. 𝑓𝑢𝑒𝑙𝑟𝑜𝑢𝑡𝑒 𝑟𝑒𝑠𝑒𝑟𝑣𝑒𝐵𝐶 = 2.5 % 𝑥 𝑓𝑢𝑒𝑙𝑑𝑒𝑠𝑡  
𝑓𝑢𝑒𝑙𝑟𝑜𝑢𝑡𝑒 𝑟𝑒𝑠𝑒𝑟𝑣𝑒𝐵𝐶 = 2.5 % 𝑥 3782.8 kg = 94.57 kg  
c. 𝑓𝑢𝑒𝑙𝑎𝑙𝑡𝐶𝐺 = 𝑓𝑐𝑙𝑖𝑚𝑏𝑎𝑙𝑡𝐶𝐺 + 𝑓𝑐𝑟𝑢𝑖𝑠𝑒𝑎𝑙𝑡𝐶𝐺 + 𝑓𝑑𝑒𝑠𝑐𝑒𝑛𝑡𝑎𝑙𝑡𝐶𝐺  
𝑓𝑢𝑒𝑙𝑎𝑙𝑡𝐶𝐺 = 1411 + 1430.11 + 295 = 3136.11 kg 
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d. 𝑓𝑢𝑒𝑙ℎ𝑜𝑙𝑑𝐶𝐺 =  
𝑡ℎ𝑜𝑙𝑑
60
𝑥 2 𝑓𝑢𝑒𝑙 𝑓𝑙𝑜𝑤/𝑒𝑛𝑔  
𝑓𝑢𝑒𝑙ℎ𝑜𝑙𝑑𝐶𝐺 =  
30
60
𝑥 2 𝑥 1301.01 = 1301.01 
e. 𝑓𝑢𝑒𝑙𝑡𝑎𝑥𝑖𝐶𝐺 = 250 kg 
f. 𝑡𝑖𝑚𝑒𝑑𝑒𝑠𝑡𝐵𝐶 = 𝑡𝑐𝑙𝑖𝑚𝑏𝑑𝑒𝑠𝑡𝐵𝐶 + 𝑡𝑐𝑟𝑢𝑖𝑠𝑒𝑑𝑒𝑠𝑡𝐵𝐶 + 𝑡𝑑𝑒𝑠𝑐𝑒𝑛𝑡𝑑𝑒𝑠𝑡𝐵𝐶  
𝑡𝑖𝑚𝑒𝑑𝑒𝑠𝑡𝐵𝐶 = 21.22 + 34.08 + 22.5 = 78.79 menit 
g. 𝑡𝑖𝑚𝑒𝑎𝑙𝑡𝐶𝐺 = 𝑡𝑐𝑙𝑖𝑚𝑏𝑎𝑙𝑡𝐶𝐺 + 𝑡𝑐𝑟𝑢𝑖𝑠𝑒𝑎𝑙𝑡𝐶𝐺 + 𝑡𝑑𝑒𝑠𝑐𝑒𝑛𝑡𝑎𝑙𝑡𝐶𝐺  
𝑡𝑖𝑚𝑒𝑎𝑙𝑡𝐶𝐺 = 14.48 + 26.25 + 19.5 = 60.23 menit 
h. 𝑡𝑖𝑚𝑒ℎ𝑜𝑙𝑑𝐵𝐶 = 30 menit 
i. 𝑡𝑖𝑚𝑒𝑡𝑎𝑥𝑖𝐵𝐶 = 10 menit  
 
Fuel Required Full Tankering 
Fuel required full tankering on this flight are as follows: 
𝐹𝑢𝑒𝑙𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑚𝑖𝑛 𝐵𝐶 = 𝑓𝑢𝑒𝑙𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝐵𝐶 + 𝑓𝑢𝑒𝑙𝑎𝑙𝑡𝐵𝐶 + 𝑓𝑢𝑒𝑙 𝑡𝑎𝑥𝑖 
𝑓𝑢𝑒𝑙𝑟𝑒𝑞𝑚𝑖𝑛𝐵𝐶 = 3782.8 + 3136.11 + 250 = 7168.91 kg 
𝐹𝑢𝑒𝑙𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝐴𝐵 = 4821.99 kg 
𝐹𝑢𝑒𝑙𝑡𝑎𝑥𝑖 = 250 kg 
𝑭𝒕𝒂𝒏𝒌𝒆𝒓𝒊𝒏𝒈𝑨 = 7168.91 + 4821.99 kg + 250 kg = 12240.9 kg 
 
Conclusion and Suggestion 
Conclusion 
1. From the analysis results that was calculated, there were some differences between filling in 
general by filling using the fuel tankering method, where filling is generally only refueling at each 
station to go to the destination airport with fuel required at each airport. Filling in general can be 
interpreted as filling as needed from the origin airport to the destination airport, with normal filling 
not counting the fare value or price of fuel at each airport, the value of this refueling destination 
for the Yogyakarta-Singapore-Jakarta route was 13884.95 kg, while filling using the fuel tankering 
method, which was fuel filling by looking at the different fuel rates or prices at each airport, 
thereby reducing operating costs in the fuel section. It can be drawn from the results of the analysis 
in the previous chapter that the value of fuel requirements for filling using the B737-800 NG fuel 
tankering method for JOG (Yogyakarta) - SIN (Singapore) - CGK (Jakarta) flights with alternative 
PKU routes (Pekanbaru) and SUB (Surabaya) was 12240.9 kg. 
2. Variable yang menjadi penentu dalam fuel tankering tidak hanya fuel required tetapi ada beberapa 
variable yang berpengaruh terhadap fuel tankering. Variable tertentu bisa berupa suhu atau 
temperature, ketinggian terbang, jarak terbang dan harga fuel yang berbeda disetiap bandara yang 
perlu di hindari untuk mengurangi biaya operasional. Variabel lain yang menjadi penentu berupa 
antara lain: 
Variables that determined the fuel tankering were not only the required fuel but there were several 
variables that were affectin fuel tankering method. Certain variables could be temperature, altitude, 
flight distance and different fuel prices at each airport that need to be avoided to reduce operational 
costs. Other determinant variables were: 
a. Fuel required BC (Singapura-Jakarta) in which this required fuel was including fuel 
destination BC (Singapura-Jakarta), fuel alternative BC (Jakarta-Surabaya) and fuel holding. 
b. Fuel destination AB (Yogyakarta-Singapura), In which the amount of fuel that was brought 
from the original airport (Yogyakarta) to the destination airport (Singapore) with an 
alternative airport (Pekanbaru). 
c. Fuel taxi, the amount of fuel used at the airport from the apron (parking stand) to the end of 
the runway (runway). 
3. The value of the benefit that was obtained when using fuel tankering method with the JOG-SIN-
CGK route was to look at filling fuel requirements normally at 13884.95 kg by filling fuel 
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requirements with the fuel tankering method of 12240.9 kg. Then the difference in profits earned 
by the airline was amounted to 1644.05 kg, so the company can reduce operating costs in the part 
of fuel needs. 
Suggestion 
1. For further research, the researchers must be able to master Industrial Engineering specifically 
Aerospace Engineering in order to create research that can be applied to the company or airline 
department. 
2. For airlines, they have to really consider the policy on fuel if the price of fuel at each airport is 
different, so as not to incur greater operational costs. 
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